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i 

ik&®>*mto&8.&-t-$ Xg £ , IftBrtfflWttttSi 
5>)&B£*, llff-r«J«JE«t*«> I I i-vm&«w 

tbimirz 1 1 1 - vmt-mvmftnm&xm, 
m$m2] 1 1 1 -vfflb&to)imtoa>siVfi*isj f 

Busa^t^fegk^fifs^^^ia i 1 1 -v* 

M*«Wgf5IiJ: t 1l«ie&£ffl*-T$HEl 

bm&z^ mm-zmmmn 1 1 1 -vrntG®)* 

$ 1 1 1 -vmk^tmw<o&&-%m> 
fem'wmm&niB.iiLtm^-tz, 1 1 1 -v#Ht£ 

CtSrWt-TSglif^l, 2X«3lEiRo5I I i-v 

[19*3315] flf(iE^^^«?3gW^ 
T, fflftrr-fcyMRfteiHM* U-ioi> BBTfc 
5w££<|#&£-f3gR3fc^4f5ffi«>I I I-V®Ht?£& 

T s * >* 7"^*«< 11-20 >^-|Sl*fc«:< l - 
X 0 0 >#|tOT?*>* d £ *#fifti-t5f9*«4ffi«i<!5 I 
I I -Vjra64^**4>d»m 
If8jfcg7l WffiS&Wu MgAh 0« Sfo Si 
ffig, ZnOfflg« SiCM. LiGaO* WSU 
Ala Os SffiOV^-f^lO^bSiRStL, S58BI 
I I " V*fc**ljli**HU OiN* I n G a NIS, 
A 1 G a NIK, InNBS, G a PgS N GaAste«Ot,vf 

Ji*»i o»»e,SK&h« i £ «r«MKi:*t-'5llMegi l X<2 



< 2 > 4S$JPl 0-31 2971 

2 

G a N, aj: A 1 G a NO 5 fc/>fc< £ 2 o<0*m 
ihT^S r £ Sr#^£^-5fS^ i ^ f42 x 
I43XI±4|E«OTI I i -V^b^^^g^ 

m««o) 1 1 1 -ym^-tm^m^tt&^&mm 

-e^z-ts' hti>tm&MftLLttHbi&&l,iti i I-V2£ 

io ta6mmmm*r*msw$0 1 1 1 -v^k^» 

tm&n&gk b t Icfleis-* * * tm&«v \ § fe Kffl 
8B I H - vj^^ijyga^gfc g. T<fc y 

&<*£&W*-£ r £ *mkk-t-Z i i i -vjfcfbg^ 

im&Mm*&*smLb, mBSttuss^asm^ 

®mmk<n&£: b b 4> ICSiUBt-^ $rfl-4r«v \ tffSB I 

^®*ii*nT^Esnfc 1 1 1 -vffltsmm-w 

I I I -VKfMW«ffc,t, I5SB 

1 1 i-vmtG®*mtom><b'j>t£< £bMiBS«^ 

^■^ ^ #5ftAS|!fci!i Stl-TV ^5 £ £#® £-t-S«^ fe-f 
5 I I I -vSsft^iN|[#JS, 

imam i] t«rffi®fi^®(c, Mssfifts^^ci^-r 
«w«Wh*wj«s*u atrcai 1 1 -vwi2*l»*NH* 

^W£-f*iS^9fc«^<Jjg^i 0S2SKOI I 1 

im&mzi GaNK¥m&b^im j mmem 

!?^S««6*^dW«XS£, 99l2fi£S®«ctCG a 

» ^i-*^S«tt<9GaN^^*££t,J i : I 39* B ^^ s j, W 

WW *r§Sr*i-5 r £ 4r1#tS£-^§ g a 

(19*^ 1 3 ] Wtm 1 2 friBfeS^^G a NJfc¥«& 
^©jr^C3|g. WIBG a N^^«t:^>C 5 '>/ < t< b fclft 
EStE, ^^**W*|«*i-5xa£ 4r^t§ -££fc 
«£1-5G a N^^^Bgo^^ 

[SS*^ 1 4] G a Nm*i!«*:£ t&^feSSt^J^B^jgi 
5 JBfcKSftfcG a NftlN«#|mfegftftgfcfl^ft/< 
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v Yw&m&. bs£« ufcG a ^^mm^mm 

¥«i£ft«r#f £ i t frWitii-s g a N^iNjUfclS, 

m*m 1 5 j 1 4 Bs?K©a(iiEG a Njs^&mg 
[is^i e] iwtagi 2£>5<,M*a(f#Bi 3c§att® 

G a N5R^^Bgom©ate s StrSEG a NX*WM| 
-hfcG a NS^fcjg^^^fc^tt-sia^ 
1"* t £ £4*»£ G a N&^#^#?3i©jg,£# 
St. 

[?«#3ll 7 1 ifcfcJgl 2(cgas©GaN3Ri|iajr»:KcD 
bSIBG a N^ijyjJftj&htCG a N5R^«f# 
&*<P8^«jS£:7l?jfcf-5Xgi:, fflrfBG a NJfMNWfc 

[»*« 1 8 J fflKG a NXspgfleftm. ^/Wvf 
<=«3f4-&trG a N&ifiiSflESBftijf^-efcs 

[3»J&ig 1 9 ) tfrf2G a N&SyfcfiWSG a NJEWfls: 

g a N^nygmwc g a vt3fk>mwsi&*>tAmffi&fi 

[SM*Jt2 1 ] AfcSVMtSlWtJgl 5fBI5i0?G 

a NJBiNKafcBCG a N^^fis*F©|«®«5f5t^ 

#jibg a t iatnas 

^x^#WI^£;h,-0^;:££4$8fct-i-SGa 

[fs#s s 2 3 aaiaG a tm*mm&t& 

ti-zmmzohzwtfltxmz ise«©GaN^ 
mmtuam ! & 

limm2 3 J StfffiG a N^^3t5g^j)4G a N^ISi* 
^V-eS>ZZt*®mbi'm#8L2 2&®<DG aN 

[§»#^2 4] S&3fc#l 2&.5«^i*fcftlgl 3IE3SWG 
a ^mmB<mm>mt. MEG a NXI^WBUi 
KG a N*43|git?«rtOTSXft**'rs 
« t f « G a NXiWflq|H L ®lGfcH&, 

[19** 2 5 J f»Jft£ l 2 tefSifc> G a NjR^flcJS© 



(3) 0-31 29 7 1 

4 

[gfcftJS2 6] HJ85G a N3ft¥WtilWtt, i?7A^t 
nflKtS-^frG a NX¥$#gft£?.-?j| ! ,s - t &w 

ti"SSB*^2 4fo5VN|*^^2 5fE$£>G a 

imxmt 7 ] tfJIEG a N*«3t3*f #G a N**«* 
f -efc*C fctWRii-«9S*«2 6S5JI6WG a N 

10 [«*«2 8 ] SfcftS l 4 SbZWtmmi 6 |Cffiffi<D 
flWEG a N3*HM»*&_BCG a N*WHtaR?#!K$* 

[SB*£2 9 ] S&JJ&S l 4 KSS*i<>DliiJieG a NJ&iNWfc 
BLhfcG a NS*m»^^!&s^s^, fifrfiG a N3fi* 

T^S s t «r^fti f « G a WW***?. 
20 a|[fHR^.. 

ffiffiS 3 1 ) fiulHG a Na&JSSJtefjJ^aSG a N^^flc 
[0001] 

^«&s»k±(c 1 1 1 -vm{^%imm^&m^ e 
&&xmo&t£^*mm&z>mmamw*Ga 

[0 0 0 21 $ fcfCG a N9Ri}ia|[«:5g^StW-oa!ig^ 
[0003] 

[«6*ofi«f] 1 1 1 -v^b-g-^^^^v Wfi.t£m 
v&y*± (g a n) i*. MMfflnais. 4 e vt^ 

[ooo4] r ww^v^fc^it^M ^STflsas-f * 

MC*t& % GaN<Z>i5»5ti®i!iT?«:, ffilkMIMEiStK 
T^W^«ttW-*«^«t, ^Ji«^? 7 ^r (Al 
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[000 5] 

[SeWiSflKfcLAStrsSSgJ £*J;$fc^ dS« 

*^tcf4, *7y*#$g£-fS£t>JSfBl!riSivo>* 

>^»3 2« (1 9 9 3) »1 5 2 8-1 5 3 SWl 
(Jpn.J. Appl. Phys. Vol 32(1993) pp. 1528-153 
3) , Z.V£5t£i&blz\t % ?'Uxkl.XOm*t>m 

mm< fc* k> ■?»**< , iasgas»* i&saggh, 

I0O06] *fctfr?JR»g-Sc?3if * 

h 7-Y7'4r^L.fc1>-77'-l'raStE±)CG a NIB? 
VS. L,^U#B8¥8 - 6 4 7 9 1 G^moffltftS i 

[0 0 0 7] ttS&OBtttl. tt¥XK*INVSffiIttS 

[0008] S &»^»g3o3f&K>@«jrt\ JiSBrfcT** 
[0 0 0 9] £fc*&PJ!<Z>fi&«gi}«j»* v ±fBatr^^>> 

J&) «r^B!-f-SCfcliJ:i), ffitt/t^*4$ttO#feiv« 

*«***£ fcK**. 
[0 0 10] 

[SSSfrftSfc-fSfcit^g] *3SK©I I 1 -V«^ 

1 1 -vmb&®*mft%&Mi-zxmk, msaum 

*ALfe0iE>jfift«*. »1-*j*SSsgte> I I i-v 
[0011] ±1t^m<0 1 I I -VWHt&to!¥>i£&<0 



«> ^¥10-3 129 71 

« 

w*wkifaii&*m*mHHmfc* 1 1 1 -v» 

4^*¥***jft*9-*xBfc, tUffifiKSfg^TflftgEl 
bAftfr*, l?!^-6fiftS|B^C5 I i i -Vffltf&fr4fWi 

M -5, 

[00 12] Sfete^S^oi I I ^VMfft^fei|iSW»: 

^&dM4NMHffft^fe^«r4N-« 1 1 I -vt&fls 
* *8*H« * 9 »A* JxfcjOHl*ttl*fr*-« c fc«r# 

'0 [0013] 1 I I -VjWb&4*¥i*f*«l*» 

w&«fito&ut#*>iMki,i±i 1 1 -vmt^^mp; 
&mmi-zi&&sm<z> 1 1 1 ~vmt-&\mnw<r>®.& 

i £ fcfcWe-*;* i>tm>bm\ Mis i 1 I -VjRfls& 

T^SHfcl I I - Vffik&foi&$ffigfetft-z - ^ 

[ooi4] *fc, *ne^^^«?|s^j5fe^os^sfc 

i l-vwtGtotmmwmistiT^szk 
*imki-z> t 

io o i si *«^©g a Hxvmmszmis&itHX 

OGaN^^4t«cttttriWffle^ : S7«-|sHi.«v v 
e^Jfl-fS £ t imLk-f*. 4fcG a N=Ri|StSH!|i^© 

[ooi6] *«s^og a nxmmMWtomm* 
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[0017] «mgoG a n%timftm+e>$m£& 

#EthliG a N^^f**^-*^^ 5X8**1"* £ 
4 *W»fc-J"*. $ "bteG a N^^f^WScojg^g 
S51BG a N^^^i^G a N^¥*$#g?^£jg 

*fcr*. SfcffTSEG a N»^<6K^f±, yyiw^r 
BfliSiSr&tfGaNjR^^gs^^^^it, Sb 
fcffifiEG a Ng^SftjfrFjjSG a N*JN5#f— 

[ 0 0 1 8 J *®m<r>G a N^¥i*tfclBra, G a NJRJf* 
3cE. foSVWHugHSK^^flit^^fcGaN^S!;^ 

* 6ftfi L*G a NX¥«M»4l»r«a«mi)9G a 

[0019] *58?bwo a mRH^Miimntt^ mse 

©G a N*¥*MRfcKG a N^^^^O^^fig 

[0020] **eg©G a N3Rif^#*f|*. G a 
¥«ftffi?±lJ:G a N^i&fl^ai^SSiftT^a £ h 
*-#f»41-5o ^fciT3BG a N^iSftffiLbfcG a N3S 

[0 0 2 1] S&efflBGaN3imVjHmi t 

WRfc-J-*. JftlBG a N*a5EX7*G a N^¥4g#w 
—fTtt> 
[0 02 2] 

EtJHu-CiimcKWt-*. 

[0023] an *>9m<nj&w xmrncom 1 
©aatoteowc. 1 1 1 -vwbMiWttox^^ 

[0 0 2 4] *»6fc s StetrWilittSrSrSfcL, 



(s > MffPFl 0-3 12 971 

s 

I* 1 0 nm#tb 2 jt mJ&ffiTiib 9 » ttftffltt 1 3*» *tf 
pmtSiLft. (01 (a) ) , 

[oo25] at&mitti, 1 1 1 -vttfefi* 

T. jfeftMfti a te i i i -vj^fc^i)^^ ! 5 ^ 
Si"*. £Jb*Jt*ttt£i #*L<I4I I llSP)s|4cJg 
^feffl^*ttflrf(WftaStSlCjt**ttflJSfc* (VPE :v a 
por Phase Efeitaxy ) "Tfff5*«, II I ©eiftUfifKW 
«^&3v>3}|1l9&Mfc^Sfflj£g (MOCVD : 
Watel Organic Vapor Phase Efcjiaxy) Sr^l^-Ck 

[0 02 6J II I-VUMb^BMNWM 5HC TONE 
»J . fi)cg^Bi|E±© I I I -Vg?f&g-fl&i»)iiS 

J&o*Jgfi£$ix* £ p 6 5 0"C*>fe no O'Co^ja 

ae, 1 1 1 msm<mmtictouiffifrb 200000 

(b) ) . 

30 I O 0 2 7 J * feK* f ^ tVt/lMtlW « fc . I 

I I -V&fb***NM|ci 6ti7 7 ty MffikroBlc» 
OI I I-V*fl!^W#15©;?7*yMlia4:* 

ftlrrs (Sll (c) ) , 

[0028] * felWW ^Vir Alftft«Rtte t, 7 
r-fef (®i ( d ) ) s AtHiHc 

li," ¥tt!fc*Bi*:#*-* I I I -vM^^Mi 
5«r^*^t*i-Ct* (Hi (a) ) . 
40 1 0 0 2 9 J a« s SS-tfcte^j^^sg^oiiTfc 

* 1 1 1 -v»fl^4m»»«)i>jb«fi*fT3 1. set 

[0 0 3 0J *^©Jg&fc*s;*£-efct a»!J«ftt£ 
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fll5S«B«riiijta^R&»si^L-CVs^, NAOMI 
[0 0 3 1] mzl I I&fO|sRc&<b&*fcV>5igfcito 

(SiJSSfttcis^fiSs-cf*, 1 1 1 -vm\2&®*mot. 

vassiftte, flirty hfflb<r>5ibgfflBt 
*B*1 5 fc^tteSE^^steficS-^iig^fe^-- 
tO 0 3 2 J ft** II I ^lS^H" ; &fil&JB4:^V'>5W 

*t<*T&&&&tfim<1zZ,tK -B^OTjtJtuwi I i- 
V^ft-g^Jf^ft): I5©7rt? MfSI© 5 fc3&RB t 

ffi^s<o«if&ft^ifi4-SfeA^sfia«6te*jita iii- 

10 0 3 3] 0f2 OSlfiCDM) ^moil 2 
[0 0 3 4] 05 (a) -~ (b) *T"f*ffil05Ufic7)^ 

»©bi <q) («) t^ftnjgTf^KLrv^ 

¥4lftLfceilC. f&ZOTXf&Stft (E5 (c) ) » 
tf.fiS«tf?oT^S (05 (d) ) . 

[0036] mzomsfojm-ett. hi u> a*e> 

(e) «HRKl»«»9iB1-£iKJ:!JJR)«Lfci I I 

[ o o 3 6 ] m i ©^jso^^fe^ vsf*» 2 ©set6«?® 

*S-t5»^ir^T?*5, Al 8 Os, Si. Si 



4*ffl¥l 0 — 3 12 9 7 1 
10 



C, MgAls 0« , LiGaOs , ZnO?OM 
^« G «N, GaAlN. InC«N, I nN, Ga 

a sxi4g • p«o 1 1 1 - vmt&®*m&c>&&\z 

[003 7] 1 *>* W4B 5 -e**S8ac*©$c<0 

cmaiMMKi^fcimftTO 1 1 1 -v^t-^ 

*NWm*HK.^**tr«rtUfc«~*#Lfci^ SEi 
1&EWE0^>.**J&&LTH1 (b) ~ («) fcs 
VM4B5 (b) - (d) 0-?V**ZftoT\>®W£® 



[0038] $ 5>l^se*6©?BJST«tt^^^ 1 4 t LT 

[0039] (MB WSMSOJBCD *3SI8©& 3 
» i ome^tes eSBtoMR-CKM Lfc 

[0040)^3 w^Jteo^flgf*, g i o%w<ojmh 

& M4» 2 OSSSgfWfgag-eftlM Lit:* *^A«ft 

[ o o 4 1 ] »a t^tc, g a n^^m^-tm^m^ 

20 [0042] ft|Cj*ftfl|*|c* LG a NX¥*tta:E 

<*»0IMBJbMkr*. I I ISEWB-Ctfiji^u (G 
a) £&<fc*3? (HC I) OKttgafBbrpfcg&fltfriJ 
?A (GaCI) iV^H!)S|.ti:7'>^=r (NHa ) ft 

^*fflv»*ffiflate»aMfcK:j;5«yadss- (vpe ; v aP o 

r Phase Epitaxy ) Ufcfc/v^ K?*f KVPBtb 

^, G a «rffl^ 6 ^^Jaft:#*^SH6 

^ (MO CVD : Metal Organic Vapor PhaseEpitax 
y) *r^V>$„ ^SiBS«6 5 0"C»>F> 110 OlCttf 

2 0 0 0 0 0flF«rM6?*U*J:V\ 
[0043] G a Nff^NHUBox^^^A-AR 
tt, ^l«^*©JgJRi:n8B|c» GaNJRi}ii»«:^|njS 

Si 9 . fifc&mtOG a NS^ttSacttSK^B^ 

[0 0 4 4] »V**£'*A'Jftftttttt&fc % GaN^ 

« So *UTlS!HS&t$fiJJS®^>GaN^«Mf^fl?7T't 

Spirit, ^fflJteSftB^^ri-SGaN^^ffcK 
[0045] Ga Ni^^lMiOWB^Wftfe^ 

-i*7«B, s i cstt9*j9vt-c*fc*»; m^osts 

«G a N^^^itt»^.s^^j^g WJ ^ oT ^ 
50 «fc»»ITC^Lfc|(hft*»|cfct«r5Wt 
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[0 0 4 6] *?fli<^*llcJ:53ttf^^^uj*g^ 

tf i 5 left 9 % atttaia»t#r^cv>fctettBJ!i»iC)5t^r 
law^sr itfST?#ft< ft*,, 

1 0 0 4 7 ] UbtfoTG a Nft^Wft&jNn&jfftH;? 
r*y h««ftS4 1 t>ttJtgn*fc*tr M*. G a 

[0 0 4 8] Z<T)£5izmi±.\Z-?Xir\C£*)mWK 

[004 9] $6(r, fB3©3SitSO^^feiv5Ga 

Sr|»*t- 5 i i T?, Ife&iimo&K^G a N&J*a£#AB 
^SfeiLrffl^SCfcas-Cta, roiSftGaNS* 
^mtUGaN£^<^*&tf®rt-3rfc^ G 

[0050] &fcG a N&^fls^riSG a N^iNfff 

fifcas*rt&Kft3. 

[005 1] S fefcG a NX4M«ffcXft*?*f G a N=fc 
[0 0 3 2] ft*}, ^3C0SU8©^Ug{r*SfJ-5GaN^ 
[0053] Sl3C9|g|l&rojl51g(PaaW-?lJt, g a N5Ri£ 

[0054] *%\tt^mm\z.m^%^xirh-Lx 
im. This. Mvtttmm-tzzbwzz. *it*$m ■ 
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12 

O^fliJJliJ^SG a N&imfmk UTJiG aN, Al 
GaN, I nGaN^i&Jfe.ixS*«GaN»safeSfS 

[0 0 5 5] ^fcGaNSfi^^^iC-Cfi, GaN 

3t&^<*5fltf£ FET^HBTft t X [z % SSfflW 

[0056] (&4 ©SJfiro^flS) *36Si<Z>354 Wjfeffi 

10 [ 0 0 5 7 ] $4 WJUfiCWgJgtt, G a NJk^i^t m 

&/fcBU * fcfc£<DG a N»^flc®BLh*CG a NJS 

[0 0 5 8] Jg4 ©^JStfWBflgfteG a N^^^Jfi^h 
©G a N^^flcSB^i U-CG a NSR^ft^jt^fr 

[0 05 9J ISCfcc, tfffiREic-v^ttHau 7 

WftftS^atWi £ St5 G a NJS^fls 
10060]^ -7®. Wj&&8E4fcOJB:|K t LXity fS 1 

[0061] »ICJ«S®lstJC«-UG a N%,!&jilte<7>*V 
fi* > S*jV$&&n*) t G a Ny«sj^£»(0^ifeJ4, I 

i imsm\c#)) vju (Ga) tfi^bkS? (hci) n 

Bm±lffl!i*?b%mik#<> (G a C 1 ) t VjJSJRfl. 
30 I!7y*s7 (NH* ) Jtf^tfflV^/W K9-f KVP 
Ett*»»*U^ (MO VP 

E) «rfflV-cbJ:t> t 

[0062] Ga N&!m&<0*V**~>v,lrfL&^ 
tS 1 O^SS^SSt IS]«ir, G a N3R^flc*$t3Jtgs|if 

1 0 0 6 3 ] a Vfi*$"r/U&&t:tfu+z ± , g a 
40 S^tffcfts fiS;SfiS«fc*«f-eft<^^4ffi5 < j:5{c/ ji : 

iSt«*Wt=« v ^ft^ESr^t-SGaN^^flc 
[0064] JfcKG a N^^gfflqglh^G a N^i^«c 
fig L,fc^, G a K**i&WimWl8te JtfeStE^MO C 
» Itfc-C, nlGaNS, nlAlGaNiJ'^yH, n 
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SIG a NJt^ MB. T> I n G ft Nfi*#F® 

5S?Ste«v piAIGa NJg, p SiG a N3fc^ MB, 
p SLA. 1 GaN#?y K®, p§SG a N=>>^ f.jgfc 

[006 5] fcK, i^M«ftt^WtUfeStK*9W 
•t-fey hU S iO* *J*VGaN5S 
^*WR©-fl5«rJBFBLTG a N^*)*af«:|H5S:Ka$^ 
«. BajUfeGaN*»NS#tt©Bff, -t^te^GaNJB 
*St**=5B JfciS-y KflWBOte n SHtfi&TI&g p m 

[ o o 6 7 j gi i ©site©Bfi8co^ tr^^f-yA-ses-e 

[0 0 6 8] «&KG«NX¥*fHI?aiGaNJR¥« 

WWWWBttO a N3K*4»H«nftBBlqMtr« 
[0069) 4fcGa N^^^JEjU^^g a NJ&¥ 

[00 7 01 fcfc, «4©jeS6oWB?«l»4JbSB»Sl|gteBR 

[007 1] Witt, G a N%k¥mim<Dat*?» 

[0072] * felEG a NSRiNiWHiiKG a 

fc**, G a H%k*mi$tmi$.mcg&, ^tGaN 
fc^tMSW-BlIfcSfe&Lfc&ICG a NJR*NtttfH*? 
«W*Bt*fHKL-Ct>J:V\ 
[007 3] G a Nm¥*»ffl»»feaSc, "^i* 

$*-fcG a N&tmfmvoMtevmxtstmiLw 

[0074] * ^Z-^MomWA^m^^ tbLX 
tiSR 1 <Z>^JE<Z>Jf£!II&5wa&2 O?m0fftt£HI4t& 
Hit, -tfft, 3eW*raW1-*rt*fcir*. $fc*S?ffi : 
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<0J1»*J(7*G a Nm¥«#jgfc LT<*G a N, A 1 
G o N, I n G a MLW&tf&Jt&tfG a NaWtfcft* 

[00 75] *fcGaNJR^^^tLT«, G a N 
3fcS»«fltfC F E T *H B T % W?,<J X.Ktmm*I 
[0076] 
10 RWi"*. 

[oo77) og i wnigea) *MnoMMi&oir > 

T, Sl«r*flBUTRfi-fS c *£ftM-Cf±. SfciL 
T, (0 0 0 1) (Ala o 3 ) S&l 

1 ±\Z 1 <i mH&OlgJi&DG a NJR 1 2 Ztffi 
riSWfcSttStflVyfc. £WGaN|gl 2*BJCS i Oa 

me^P?^ b7^7^-cfe5. * h?*l , ^i*H4< 1 1 

2° -2 0>*lftfcUfc ( (El (a) ) , 

[0 0 7 8] f&8WW 1 3 6 G a N$ 1 6 <± s 
I I i*mc*!i9A (Ga) &&fc*5& (hci) 
^Etf&fiRfc-efcSAfltffj; *A (Gael) t VSjH 
WCT^*ar (NHa ) ^*fflVN«XNW K9«f K 

h u *S^B^T?j«fija^ i o o o"ci!i^!a^ 

5„ fi8StaSi<gf3febT^e, HC 1 «16Sr2 Occ/ 
fi&TWU NHafcSftl 0 0 0 c c/ft^T?8^&fli 
SSJ&tSdfc-C fi£S®Jg|l 3teGaNJgl 5© {1 

» -10 1} »>&«*7rt}» MiWlfrj«ft**fc ® 
1 (b) ) . 2 0«W«x^^ + /n|fi 

" ir ^^14* 1 Hi?*^7'-fes/V«ia§164IS 

(mi ( C ) ) . 

[ 0 0 7 9 ] x f A^fcKttft £ tic J: (J 7 

T-fe^hissttrafta^ (si (d) ) , 

5J$ra©j&Ef 200): m)SffiW^ta^B5«r^-S G 
a NJK*Ji?fig$*fc (ffll ( e ) ) , GaNKl 5*M 

j&££E«fc ►>]&►> taut. 
40 [oosoj^i oM«r»«ttjHm*ffiifr^e^ 

*ftfc*9» ISflffia* (l-ioi) Ea»foi{t57r*y 
[006 1] *3Mlcj: »5««Ufc)iiS*»S3B(Cl«'<S 

t. 77*y h©fl»e» fit^isjteftif f>h, % »^if 
■afc. wii»c<):9s aif^^^-r^HSf^ro^lifewffijgbJS 
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[ 0 0 8 2 J SS 1 e JtifcMlc «fc oT)$«£HfcG a Nag 
1 5K», l^r* T«SI 1 tfe^^S-^glffl^SS 
»*a 7 fc f £ 9 y * *5 Ad TV £ i 

Nuw»k:^ft < , xvmmti i o« cm* 

[0083] *m&m-V&& LfcGa NK^Ra*S|m 

[0084] *6Cf7H7illll«W(W:j:o 

[0 0 8 5 ] fB 1 <0§U£fi»J-Crt:. G a NlStO^K'^*^ 

(MOCVD) &JflV>T<bJ3 
«**b»**^&il6. fcfcAla Oa39Rl IfcJBl^fc 
SIS®, ZnO&K. SiCgtg, LiGaOz 
SfoMgAla 04 am*fffr'Tfc|j|gfe£j|t 
***fc*t*. Oa StSl l_Ll£GaNiB 

10 0 8 6] Sftre** 1 4fcLTS iOa frfflWfc 

^r*vicisfe*t5 i t»roi?ttnt<, sin. 

aaHtftWErfi*. *btz*h1'('7*<l l-20> 
lK©*|nl<l-l 0 0>Tt>J:<, i.*xfe<??*-|fi)*»b 

[00 8 7] *fcGaN<Oa:fcf^^^^SIC^(/^ 
MMfc*!, InGaNE AlGaNKs I nNR, C 
a Pj&fcSI^JiGa A sR£*r 1 ?#i'+AtfBgLT<> 

nwttubpw&iift. « e.fcB8si-s 1 1 1 -vim 
[00 88) fflz o&mm *&\f}<nm z <D$mmz 

ioo89] &2<ommm-m. lt, (o o o 

1) IS i CSSl l±('ljumSK<^IS!«:WAlo.i 

fc, Gao.e NJ8 1 Z^SKS i Oa 

Wt**** 1 4 i^SflStel StyWBUfc. JS&gfl&ijl 

0i*m©i|S«Z>^h9')'7'^Tfc*, Xh?J?1rt>}fo< 
l-100>*(ftiLfc ( (01 ( a ) ) , 



< J > #§PPl 0-8 X 2 9 7 1 

1(5 

[0090] Sfcft&g«l 3Wgt%GaNH 5»4, 

1 1 i^jnr4t^y !>a (Ga) kmt*m (hc d 

^SJSfefclSrefcsa^y ?A (GaCI) tvmm 
m\CT^^7 (NHa ) #*«rfflVNS/s-f K?-f K 
vPESS&fflvrfc. SiSl 1$:./^* I--5-T KOjfcSffiefa 
fc-fey h U *^#P^-efife«Jggl 0 0 OtiC^ifi^ 

s. fifesiasa5^u-ca»fe, hc i o c c/ 

fe#T"«&L, NHa«Kft2 0 0 0c c/^T"6^ 
&m%r$-%~tX', &&fmtl 3»CGaNggl 5<5 {1 
10 -101) S* s e>*57 , 5'iry HS|jgSr^S$^rfc (0 
1 (b) ) . 

[009 1)* fcii, 2 0#R5Hl&Sit **&"tM>& 

^l4ir85*TCaN07rt?Mffi 
15 (Ell (c) ) „ 

[0 0 9 2] ^f^^^/VRKSSr^tScikit)^ 

r-feyhflugfesfeii* ( d ) > , a^-f^ 

5fl$raOj#ST'2 0 0 fi m$m.<OW&.t£&Za$;1?tZ s G 
a NK4-^fiJcS-frfc (Bi ( e ) ) 4 G a NIK 1 5 fiCflg 
Jfcft, NHa #*4^LJfcW&ftSLjfeT}ftJ&U J« 

[0 0 9 3] »2©^«|£J:oTfl&fcatii,fcGaNBI 
1 5 \z\t, S i CSffil i fc<Pte*j£»Jft^8gflR&aJ 

SJtfc. L^fc. ^J»«S*ffofcGaNJKti»^ ^te 
*S#f"»^,e<^BfiffiS»4l 0« cm* ea-gfeo 

10 0 9 4] ***fe^J-e*«ttG e nwfti>zmm% 
\Z'J>te< y iOifCU— f, FET\ *JiVHBT*^ 

[oo9 5] *fc % s ics«?i imm%izxvx®i 

GaNKl 5£SfitmtU»^i 
[0096] &2<omtmX-ti, G a NiftZtt.td'^.v 
^^■{b^Svffi^gte (MOCVD) fefflVvCfem 

flS^g6**s#b^$. *fc49QMrrt. sicsffii 

1*«V*#» SimU ZnOSffi, Ala OaK 
tS£^. LIGaOa StK. MgAla O4 ®E^E 

l±k^OGaNJg|l 2 4r&fcd^ft)g^Ufc^ S 

[0 0 9 7) *^xi^l4iL-CS iOa Sr^VNfc 
*srH»^&iveti©T?l**<, SiN« ^WSfeji!^ 
ffi¥T?fc J: v\ £ <7>Mmm-?tt*rx if 1 4 03$@£ io pm 

tJjfejaa^fcHs. $ &k* h 7^t»*< 1-100 
50 ejSttfc^^TfcortjSfififes^ftfcfek), ajtXM 
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[0 0 9 8] *fcse,ics*Ei i±c?iiBttrAi*&fife 

0. lOAlOsN^V*^ -©iffldttt:ffiS:©fc© 
i©IR£ LT^rafiafcA 1 N, InGaNfcif 

^f-^^filio^Tffi^fciJS. I n G a NJ&, A 1 
GaNJ& I nNR, Ge PffiffcSMiG a AsR^s 

sr« 1 1 1 - vmk&to^w&nmm l-c i>m®% 

[ 0 0 8 9 J (® 3 ©&6S0J) *fg8!©gS 3 ©JtM»»C 

[0100] »30lfefi8«ljT-ft, StRi LT, (1 1 
1) E©MgAla O* lfi2 1frfflv>ft, ^©Sffi 

7 4—&k9*.y YaLyflsirThrxp 2 3 *j&&fgi$ 
2 2C*BLfc, j&£fBft2 2 v ttjo^^att* 

5o * h^-<^(ejji< i i-2o>^jiufc ( (a 

2 (a)). 

[0101] G a NKfflj^glt 2 3 ±te^f B 

©Ga N;W#&aWf5 raid8 Ufc.'V'f K?-f KVP 

(Ga) itSffcak^ (HCl) 0£Og£*to'mb«tt<b 
^yi>A (GaCl) VJfeB«6HtT>"&a7' (NH 

a ) *r**m*s. 

[0 10 2] *-f. «K2 lfrAfiUftlc-ky * 
*^«:#»&Lto«#> 1 0 0 OX;@ffiroSS«tT?S^ifl(ffiL 
5 0 0lCte»»*« N HC 1 m&£0. 5 o c/ 
S^rSy&U NHa m&i 000 c <?/&#-e5# 
SSft*&i-$itT?> 3gS/fcg®&2 3taK)2 0nmra 
«S^raGaN^y7zliS2 4^^-S (02 

(b) ) . 

[0 10 3] SrattdTs NHa rffxtrttfrLftatfe 1 
0 0 «HU»«tl.tH, HC 1 

atfi£2 0cc/fc£-egyfrU NHa iffiftl5 00 
c c/S#-e 5 ^5^2 2© 
GsNA ?7 7-@24±|tG«NO |1-101} I 
*»64«77ty M8ai2 6£fi8g$#fc (E2 

(c) ) . 

[oio4] s&ic, if^j/t/i^fteit, ^ 

^2 3Sr«$4-CGaNK2 5raP'r-fry hffiif**® 

Its ft<*«lctt s 5 S$raraflfcgT?2 0 0 wmS^raJpS 
*Sffi*r^T6 G a NJB8 2 5 4r^flftS*fc ® 2 

(d) ) . 6iKR2 59»^ NHa #J*«r{S3l& 
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2 5lCf* s MeAla 0< StR 2 1 1 ©**;£8W>jB 
CtdtfltSSiVfc. L*fc. IMtt«*fr9ft:GiN« 

[ 0 1 0 6 ] *&f fflTClttfi UfcG a NBItt>:Rfe*i^# 
l«l>ft<» rra_hfcl— tf s pet, *JAVHBT*4f 

'» Sttaifr^MmsAoTMMt-^C^ GaNffi* 
2 5 MttKtm^ LT^V v5 £ t fc-e » *, 
[0 l 0 7] $ 3 ©SiftWCtt, G a NOOs***-*- 

^ftfe&S'fli'a^SaBfiSSJ* (MOCVD) fcflfrvCfcft 
*fc»*##6*,$. $ fcSBfcflTCNU M« A 1 > o< 
£&2 l trJBl**, Sim z a om/BU S i c 
L i G a On Ala Oa Sffi<5¥£/8V V T 

feW»4t«*^6*l5, ftfelCMgAl. 0 4 2 1 

[0 108J 4fc»«ufc|,ts iOa M(« 

tftj-ucH&jia sin, 3t<nmm 

KT*<t>J:v\ *6.{H^^2 4O««rl0tfm4L.fc 

a* . ^ * *ffli*it, t ©•?# erabhttmK&a 
#5fe6fe09T?fi s ;* h5W7'tr< 11-2 

[0 10 9] Sfc^BtWTttaSfetfcttB/*^^^ 

(54>*< tas?refet*« c 

[0 110] Sfcfc, XIKffilTML G a Nosf^-> 
+A*»lM>^-«**fc«l. I n G a NR, A 1 G a N 
InNJHk GaPJB, GaAt^z^^i/^ 

[0111] m4to$mffl) *38?8©fS4©IUB«t 
OV>T, IS 3, B4«r#)RLT»9IH-«. IS 3 1 Jifc&tt 

[0 1 1 2J *^^-p«±, m&k LT (0 0 0 1) ffi 
©Ala Oa S«4 lJtfcl W mSS©JKtjiraGaN 

[0 113] i©GaN®j4 2SQD»CS iOa 

' 4 3 fc«ftR*4 4(SdMlUJt, fiJigi^4 4 
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4 M m©ii:S<D>i^ flS3 (a) ) , -mH3 M m 
VZftmt (03 (b) ) , t6£Tt5 timMcotemtt 
(03 (c) ) <r> 3^t>tE-5^^4-t*T>eH^v> 

[0114] ^UfcfiEg®^4 4 tcsfcfif 5G a NSg 
4 5«, II iMSCPHrby^i^y** (TMG 
a) RX?hV*^T/K$~irJ» (TMA 1 ) kV%m 

Wtrv^r (NHa ) #x%m\,->&mm&mkfr 

[0 116] 04f^3cOj&g##^£Lft^±K 
1-5im©«Sfl»l2T'fcS. 3&E4 1 *#tj^@Mk-g^ 
L-Jfed^ 10 5 0*Cfl!>J5£SjagK^iai-5„ 

ge^L-c^e,, h y ^fvutfy *A«as&6 c c/©# 

Ttfc&U NHs 8Kft5 OOOc c/fe&-?l 0#g 
Stfefe-ta ZtV. fifc^J^4 4 ItG a NM4 Siu(i 
-10 1} hfi?3§SrfiRfi**fe (0 

4 (a) ) . 

[0116] sfojc, 3 ojmm&^v#*isw&& 

&mf. ^^4 3«r«f5ST?GaNJB4 5^7 7 -fey 
H83i£$e^£-&*. (04 (h) ) „ 

[0 117] *fcr^^->^jS«t:iSifeit5ril!:J;t»G 
«N14 5<075"fey htim&mib&ty. (04 

(c) ) , S&ftfcfi, 1 2l^rae?j*S-0x0 0/ima 
S<DJpil^®S:^rf SGaNK4 S (0 
4 (d) ) . 

ions) zw&<m®to&&®mm®\.izG a n 

*U f-77"l'7'fi^4 lK^y^AotViki^ii 

[0119] *S«B«!!CT?fiftSL.fcG a NMWt^R6»s#« 
-©.blcu—jF, FET, *JJ;tmBT*ir 

10 12 0] SkUL-y-Tr-l'Tat&H lSrWS^teJCo 
TB*5fe"t<5 ri"!?, G a NJ&4 5 UUgV 

[0121] ^4(J9|?ffi0!|-ra, G a N^O^tf^^^ 

IWft^KffiltgSi (MOCVD) *fflV^fcl^ 
msS^^^S. fttAla Os ®E4l£fflV<> 
fci*\ SiStE. ZnOSffi> SiCSEfg, LiGaO 

***$&*t*, SfcteAIa Oa 1 .kfcjffifSto 

GaNffi¥4 2 4rfefe^CJW^fieLfc^ gffi4 l±te@: 
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[01 2 2] *tv^^4 3i:LTS I *«V^i 

[0 12 3] *fcGaN<Oa:tr^^ + yi^g l;:ol ,> r 
aS-^fc^i. I n G a NJffi, A 1 G a NR, I n NJg. G 

W*3&#at#f>*v<5. d&RAUH-«i i i-vmt 

[0124] (S& 5 W^Sfi0J) ^J8^c5Jg 5 coJIffiMi 

io owt, H5*^BguTaaw* 0 

[0 1 25] fiffiS 1K[2 % l,imroKiPtOGaNjR5 
2^|*S*ifc (0 0 0 1) E<0f-7 7-f I* 

[0126] iW&ffiS iSfffilcs iOa KSr^fife 

1 WrX* 53^1 <DfifcfiHS# 5 4 L*. jg 1 

2 Am, «J:U«5Anifl5x h^-i'yiRi L,fc„ 

<1 l-2 0>& Ufc (06 (a) ) „ 
» [0 12 7] ?fil«J*g£fl!5&5 4Cj££1-;53ri(*>Ga 

n®5 5 «*. ±seo?^iSfiflji iia^i i \wmmz.$ 
(Ga) tmibfcm (hcd ros&fejsfc^iT?*) 
s^fc^ry^A (Gaco kvmmter^-r 

ft:. ®E5 1 Srys-f K7-< Koj*fi|ggt-t yKU * 
&#ffl&i?j«SiBa 10 0 0<CH:#jfl-t-s„ e 6 otW 

HC 1 ifefflSrl 0 c c/fe»-eg«& 
U NHs ffi&4 0 0 0 c o /fe»-e 6 0^ro<Os£« 
30 ffil©^ffi«ijT?SL|gLfc|gliro (a) ( e ) w 
fltSie^T, Sl©^^53 SrfflftiiA/ftrm 1 <0 
GaNlB5 5€rmi-5 (gl 5 (b) ) . JSlOGaN 
l«5S^<SS. NHs #X®W%.~?ttU±-Crtimu 

[0 1 2 8 J $t\Z y G a N&5 5±tC#tl«S i Oa 
*r^fifeU 02»)*fe^iSs 6i:»2«?^^S 7«r^ 

(05 (c) ) . w©SS5lJ:l;, SDt, mi«35^fiS 
"0 ^JT?gai«Ufti01tf? (a) ( e ) ©^SlSSr® 

T, %2<O^K* 6 7 1 5 0 Am© 

35 2 OG a NJg 6 8 **^S(fiUft;*SSr#fc 
®5 (d) ) „ 

[0 12 9] ^SLfcgg2 0GaNK6 8 0^|F64'||rSf 

fcJ&glr^v ^T»-*fc* % J:isrs*a ►) ws t ■<? $ 
[ 0 l 3 0 1 £ 5 G a NaS©^-f ^ 
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^H^^-frttimijafttt (mocvd) srfflv^xtra 

ttte&A#*ibil,5 B SfcA 1 a Oa Sfe5 1 fcjfin 
Jtri*. SiSft ZnOSft, SiCIfi, LiGaO 
a S0u MgAla CU S6«««rffl^rtH«*«I 
S&teAU Oa ®f£6 liifcGaN 
J8S 5 2 trfiSSfi ULfcte^* * Lfc# N SftfcB & 

[0 13 1] 3 t LTS iOa ^ffiV^fc 

* *S^vjft*teOV ^5*-<fc« v In6a NIB, A 1 
G a NK N InNiKs G a Fj&4>$V>ttG a A sj&4sx 

daw-* 1 1 1 -vm&mc^fim<z>mtiiii,xi>wm 

[0132] *&mz>&m&We\tG a N^£> I I J — 

1 1 1 -v»sfb^4fe^8tt*o*fiira^^r 

1 0 1 3 3 ] (^6 <O$?ife0>j) 44193^8 Oftfbfllc 

^*^/UJ(6fttrGaNIB»/«ftte«V\ Sfefc^OG 
a NHfiLhii G a N*^ffl^lPtrtt»-SXA«Rn 

[0134] m<5KtM'mz6 1 ictt, 1 n mv>wm<o 

Q *Nm6 2tfM&£Hti (0 0 0 1) SOU-^r^T 
£«6 1 SrfiJV\fc 0 ^co^6 i£BfcS i 0= Sg*7& 

0>*«j36»&10aMSKtX««Lfc QB6 (a) ) . 
tOl 3 5] ffl«>fft£Hft6 4fcj**^5&l<0GB 

n^6 Bra, -bfeonjE^i tra«ici 1 iwn:^ 

y (G a ) it&fbkgt (HC 1 ) CME*£tfHfrT*fc 

£A (GaCl) kVW$m\^7>^-7 
(NHa ) WfcflV^yvf K7>f KVPEfeftJfl^ 

fMtm-c/feg&tt 1 0 0 oicKjHB?- So 650^0 

5 1 «rNHaXf^SFH«fc-f-5 D AfiiBS 
rt*ft*LT**fc % HC 1 m&*4 0 c c/©)« 
U NHa OOOcc/ft^N *5<fcW?> 

(SiH* ) SEftO. 0 1 c c/ftd^^l 5 05>rat^> 

*105TO«T»Wl,fcni<D (a) ^fe 
(e) <Ofife£lg£j&t, Jftl0<7*4'6 
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5 (b) ) * &10GaNjKd5frj£j«& NHa jtf 
aNReStt* nit, IX 1 0 la cm- 3 yi;CO^-ti; 

[0136] GflN^m^f«3toM|: 
tt, «aftiUHfettn«fietl (MOVPE) 

KU *ft#nfrcjftJWl 0 5 Otlcm&f *>„ 6 

^Lfcl MrottJg£fl>ng!GaNlSe 6, Si&S&AgL 
fcO. 4AmC0^*<?3nffiAlo. iaG a o. bbNj? ? y h 
S6 7 x S i SrSSOQLfcO. UmOg^nSGaN 
jfeXf-f M86 8, 2. 5nm^<oryK-7'In 
0. bG a aNft^FJB t 5 n mcDj£ £ <OT V K— I 
no. oaG a o.9sNKE^ga>&>ft5 1 OAMfO^Sft^ 
Fff?igiSfflS6 9. ^*S^i>A (Mg) *«»DLfc2 
Onm^SSOplAIo.aGaa. a NS70 x MgfrS 
flOLfcO. lMmC0^$(??paGaN3fc^ K«7 l s 
20 MgSraainLfcO. 4jum^l?^plAl9,i6Ga 
o.gbN^?? Mi 7 2 S MgSrS^DUfcO. S^imOl? 
^ P SGaN = ^^ 7 3 ^HK^fiEUU'-^- 

^EJ;f)Sl!3aj+ (06 (c) ) . 2. Snm^I^ 
T> K-^I no. aGao.BNfiT#F@t 5 nmOJPS 
©TV'K— n no-osGao-oeNf^Jga^fca^gifc 
^F^ffittS 6 91*, 7 8 0 'CC??^^^ ut^o 
[0 13 7]»:K:, ^-Wig^fiKU^^T^T 
30 jBtR6l«r«RHIte*t;sr)«u ^^r-TT^lse 1, G 
aN^6 2 s SlOa 6 3* ttJHFGa NiB6 

UfcGaNliS 5ffil^f* % (Ti) -TVb^ (a 

1) c^nSSi7 4S:MU pSIC0GaN®73±lr 
tt^^^U (Ni) (Au) *>pffiM7 5«r»ft 

(E6 (d) ) 0 
[0 1 3 8 ] B 6 JC^TI — iffflfagT?li. SBBKlnSS 

[0 13 9] t77^7tGaN^i»^f^ 

[0140] ciiiwu 44W«y-c»dttt*ANk^ft 

VNGaN®6 5^<j*S^-i^-c^^fc^ ^ 7 
7^7Sffi^^ ^**»Sr|»* fe G a N 6 5 Jifc^ 

fiKu^G a n^^^o < . * 
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10 14 1) #%mmt\*. GaNf6 5J;|: V— 

f»W-«ttlc*7r'fra6K6l, GaNBf6 2 % Si 

to 1 4 2 J sfc s JtiHiwra. *7:r-f r«Ke 

1, GaNf62, S i Oa 6 3c5$f® s 

VG a NME6 5 0-%&%W& l/C, nS«9©ffi*Jg/fcU 

[0 143] 

MOO*] WJJWJLfcJsjfc. *3S33fc,fc5l I 

fisrffii-itr, 1 1 1 -vmt^mmm 

flijjtffu— ■ ftfMMN h9>i?x* 
IBEfOMDiifcKH) 

iej i ] 1 1 1 - vmt&®*m#vm&ijm 

IBS] AlGsNHWMAftilfcMgAl. O* S 
ffi Jbto^f KV P B**JBV vf, G a NffHMt 

[El 4] mzowm. Hftjiw, A0»»ttoduw 



(13 > #Pfl¥l 0-3 1 297 1 

24 

kg a nj&*mft^v>-m&zm&-r*xmvmm 
ii mm 

13 in -vmi^^wtfc&^z&f^ 

1 5 i^^i/^gLfc i i i -vifeffc^^ 

io 

16 iii -vj^b^»¥«*^7Tiry hfiHi 

2 1 (0 0 0 1) mW?r4TXR 
2 2 GaNK 

2 3 ^7X9 

31 (111) ffiCOMgAlz 04 

3 2 lj»m0GaNK, $fcf£A 1 G a NBI 
3 2 S«RJll^«S*Vfc/*«^«i 

3 3 BtSi^flftUfcS 1 O2 mO^Xf 

20 3 4 ^^^S/^fitfcGaN/<!X^rJB 

3 8 K?-f KV TP E&raftft LfcG a NK 

4 3 -^X* 

4 4 JfeftHg 

si <ooo i) ffi^i^z^rsK 

5 4 ^1C0«^«S«K 
5 5 fS 1 <OG a N® 

5 6 Jt2 0jftftffig 

5 7 »20^^ 
30 5 8 fiS2 0GaN/g 

6 5 nlGaNig 
6 6 nlGaNi 

6 7 n§lA lo.iBGao.eeN^7y 

6 8 nfflGaNSbtf-Y KJB 

6 9 10 J9^^#Sfl^#Fttii^4® 

7 0 pSAlo. 2 Gao. B NB 
7 1 pHGaNJfcstf^KJl 

7 2 p*gA 1 o. igG a o, ssN? 9 ^ hig 

7 3 piGiNa^^ bJg 

*0 7 4 Ti-AI^>nSlg 

7 5 Ni-AuC0pS18® 



2004$ 4^2 1 B 21*i25ft 



v--watt mm 



lo.5819 P. 26 



04) 



tmW-l 0-3 1 297 1 



[121] 



fe> 



IM2) 




14.**fr 



14. 



i a. 



to 



103] 



□□□cr 

□□□cu 
□□□□ 



2a 





2004$ 4A21B 216§25# 



No. 5819 P. 27 



0-3 1297 1 



[H4] 



me] 






psa rasa R^a^tf^^ 

82 




S& 

33. 




69. 
63. 




61. 



00 



z 



71. 
70, 
69. 



65. 

63, 



>S. 79. 72- y71- 




